Generating optimized trajectories of industrial
robots in CP motion without kinetic models
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Generating Optimized Trajectories of Industrial Robots in CP motion without Kinetic Models

Hiroshi TACHIYA™, Hideyuki ITANI, Michihiro HAYASHI,
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*IKanazawa University, Institute of Science and Engineering, Faculty of Mechanical Engineering,
Kakuma-machi, Kanazawa city, Ishikawa, Japan

This study proposes a method of generating the optimized trajectory, which determines change of the displacement of a
robot with respect to time, to reduce electrical energy or the peak current value occurred in motors. Previously, a lot of studies
tried to optimize the trajectory of a robot, needing its kinetic model to obtain the input torque or energy as the evaluation
value. However, the construction of the kinetic model is considerably difficult, because it needs to identify or to measure a lot
of specifications of a robot. Thus, the present study proposes the method that obtains the evaluation value by measuring the
currents, powers and so on of an actual robot in operation. Therefore, it does not need the analysis of the motion of a robot
with the kinetic model. The proposed method optimizes the trajectories with a heuristic procedure by evaluating the measured
values. In this study, we addressed the optimization method for continuous path controlled robots and applied it to a
commercially available industrial manipulator, confirming that the generated trajectory can reduce electrical energy and the
peak current value in a short time.
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Fig. 1 Outline of generating trajectories
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Fig. 2 Variable matrix Fig. 3 Example of robot program by SLIM
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Fig. 4 Depiction of movements of a robot hand for SHA
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Fig. 5 Variable matrix for determining the operation variables of motion
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Fig. 7 Flow of searching the trajectories
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Table 1 Specifications of FS60L

Type Vertically articulated
Degree of freedom 6
Maximum payload 60 [kg]

Repeatability +0.15 [mm]

Mass Approx. 585 [kg]

(a) Over view (b) Skeleton Model
Fig. 9 Industrial manipulator FS60L
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Table 2 Condition of the trajectories [mm]
(a) Trajectory 1 (b) Trajectory 2
Section I (O |[IV]V ]V Section I O |[IvV|V ]V
Direction [Plane] Z | X | Z|Z |[XZ]] Z Direction [Plane] Z Y | X |IXY]] X |Y
Length [Radius] | 300 | 300 | 300 | 300 |[150]] 300 Length [Radius] | 300 | 100 | 200 |[200]| 200 | 100
Table 3 Condition for searching trajectories by SHA
(a) Trajectory 1
X [mm] | Y [mm] | Z [mm] m; n; Ri Cv g [mnvs]
Minimum value -600 600 780 0 0 0.80 150
Maximum value 0 1200 1380 20 20 1.20 250
Step size 30 30 30 1 1 0.02 5
(b) Trajectory 2
X [mm] | Y [mm] | Z [mm] m; nj R; Cv g [mmvs]
Minimum value -300 600 780 0 0 0.80 150
Maximum value 300 1200 1380 20 20 1.20 250
Step size 30 30 30 1 1 0.02 5
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Table 4 Results of generated trajectories

) ] Start position [mm] Ratio of change of time distribution Evaluation |Reduction
Trajectories X Y 7 I T I v v VI | value[A] | rate [%]
1 Generated -60 600 | 1230 | 1.21 --—- [ 09 | 101 | 098 | 0.84 12.6 25.9
Standard -300 | 900 | 1080 | 1.00 100 | 1.00 | 1.00 | 1.00 17.0
) Generated 90 600 840 | 1.07 -- [ 091 [ 089 | 097 | 116 14.3 20.6
Standard 0 900 | 1080 | 1.00 1.00 | 1.00 | 1.00 | 1.00 18.0
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Fig. 12 Trajectory 1, Evaluation value: peak current value
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Fig. 13 Trajectory 2, Evaluation value: peak current value
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Table 5 Results of generated trajectories

Traiectori Start position [mm] Ratio of change of time distribution Evaluation [Reduction
rajectories X Y 7 I T I v % VI | value [kw] | rate [%]
1 Generated -270 990 ([ 1290 | 0.97 ---- 106 | 095 | 1.06 | 0.97 0.78 49
Standard -300 [ 900 | 1080 | 1.00 - 100 | 1.00 | 1.00 | 1.00 0.82
9 Generated -30 660 930 | 1.00 - 095 | 089 | 1.04 | 110 0.83 5.7
Standard 0 900 ([ 1080 | 1.00 - 100 | 1.00 | 1.00 | 1.00 0.88
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Fig. 14 Trajectory 1, Evaluation value: electrical energy
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Fig. 15 Trajectory 2, Evaluation value: electrical energy
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